We examine the influence of relative age effects (RAE) upon whether someone earns the PhD. Drawing on the 2010 Survey of Earned Doctorates, we find no significant influence of RAE. When controlling for discipline-specific variation, we also find no influence of RAE on the age of people earning the PhD and no influence on post-graduate salary. To the extent that earning the PhD is considered an outstanding achievement, our findings support the view that redshirting is unnecessary and costly. We estimate a relative salary loss due to redshirting of over $138,000 in lifetime earnings for individuals who earn the PhD. 
INTRODUCTION
Parental anxieties have been stoked in recent years about the optimal time for enrolling children into kindergarten. In his best-selling book Outliers: The Story of Success, Malcolm Gladwell (2008) drew from an account involving Canadian hockey players to popularize the concept of "redshirting" kindergarten-aged children to delay entry into school by a year. In the analysis that Gladwell reports, children who were always relatively older than their teammates tended to enjoy significantly better outcomes -as measured by the order of their selection in the National Hockey League (NHL) draft -than children who were always relatively younger. The implication from this Relative Age Effect (RAE) is that if parents can arrange for their offspring to be relatively older than the cohort with whom they compete -in hockey or any domain -then the offspring will enjoy a comparative advantage. Indeed, Gladwell openly and explicitly encourages this inference in the 1.5 million copies of his book that have been purchased.
Gladwell's focus on Canadian hockey players is sensible because the cut-off age for participation is neatly uniform across the country and cannot be modified; however, alternate analyses of the same players' experiences have shown that Gladwell's reliance on draft selection as the outcome variable is incomplete and misleading. Specifically, Gibbs, Jarvis, and Dufur (2011) show that it is the relatively youngest Canadian hockey players who have relatively longer careers in the NHL and participate disproportionately in elite levels of competition (i.e.,
All-Star games and Olympic teams). To the extent that parents have drawn counsel from
Gladwell's account of hockey players, the evidence presented by Gibbs et al. offers clear advice to the contrary. Indeed, research examining the impact of redshirting on academic performance and market outcomes has yielded results questioning Gladwell's assertions. Our objective is to build on this research by examining the extent to which RAE influences outcomes among individuals earning the PhD in addition to considering the costs of redshirting -a decision taken by some parents in response to concerns about RAE.
To date, research RAEs in educational settings has been mixed in ways that are comparable to the findings drawn from Canadian hockey players. On the one hand, consistent with Gladwell's account, researchers have often highlighted the benefits that are gained by students who are relatively older than their classmates. In terms of academic performance during a child's youth, Dhuey and Lipscomb (2010) , for example, report that relatively young students in primary school are disproportionately diagnosed with learning disabilities. In a study of German students for whom decisions are made at age 10 to assign students to academic or vocational schools, Muhlenweg and Puhani (2010) conclude that relatively older students are significantly more likely to be tracked into academic instead of vocational education. When tracking the impact of relative age across a span of years, McEwan and Shapiro (2008) report a positive improvement in standardized test scores in 4 th and 8 th grades for relatively older students, particularly for boys. In a more narrow range of time, Datar (2006) reports that relatively older students perform better in first and second grade if they enter kindergarten as a relatively older child.
On the other hand, just as Gladwell's account of hockey players has appeared incomplete in the face of closer scrutiny, there are numerous studies indicating mixed, or null, effects of relative age for a variety of important outcomes. For example, Cook and Kang (2013) highlight that relatively older students in North Carolina schools tend to outperform their younger classmates but they are also more likely to commit a felony offense by age 19, or drop out of high school. In separate analyses of cohorts from California and Texas, Dobkin and Ferreira (2010) report that relatively younger children underperform in school but tend to complete higher levels of education through college. In a study showing null impacts, Graue and DiPerna (2000) report comparable outcomes on third-grade reading tests for redshirted and non-redshirted students. And, in a study that shows an opposite pattern, Cascio and Schanzenbach (2012) report that relatively young students in classrooms tend to enjoy better outcomes when they are in cohorts with students who are older than the regular range for their given academic year.
Independent of findings that support the relevance of RAEs or otherwise generate mixed results for children and adolescents, a number of studies have reported no -or minimal -longerterm influences of RAE. For example, Elder and Lubotsky (2009) find a significant influence of RAE in early grades that progressively declines before disappearing by the time of eighth grade.
Similarly, Dobkin and Ferreira report no RAE for wages and employment, concluding that "this null finding is striking given the extensive literature documenting the substantial adverse impact on academic performance of being the youngest student in a cohort" (2010, p. 45-47) .
Despite the lack of consensus among researchers about the importance of RAE, there remains ample evidence that some parents seek to minimize the uncertainty of their children's success by considering redshirting as a voluntary act to gain a comparative advantage. It is noteworthy that a second avenue for parents to conceivably adjust behavior in light of the cut-off rules is to time pregnancies and births so that offspring would be born in the first quartile of the relevant school year (i.e., becoming among those born during the first four months after the school's cut-off date). Dickert-Conlin and Elder (2010) examined this topic, which they label as a "suburban legend," in response partly to reports of cesarean-section births that were requested in order to make the kindergarten cut-off date in a given state. Dickert-Conlin and Elder find no systematic evidence of such a "timing" pattern in their analysis of births in the US between 1999
and 2004 and they express puzzlement in light of the estimated $2,500 that each family would pay for childcare expenses for an extra year for a child born in the month prior to the cut-off date compared with the month following the cut-off date. As the authors specify, though, knowledge of kindergarten cut-off dates is not necessarily salient for prospective parents and, as Deming and Dynarski (2008) note, the voluntary decision to redshirt is significantly more common among families with the resources to pay for private childcare, which can substantially exceed $2,500 for a year.
While parents face additional costs in an attempt to give their child a competitive edge when they choose to redshirt, these costs may also spill over into a child's earning potential.
Given that the evidence for the impact of RAEs in education is mixed, the little research regarding earnings suggests that RAEs are diminished in the longer-term. In a non-US based study, Black, Devereux, and Salvanes (2011) examine a comparable dynamic among Norwegian students and find no significant difference in incomes at age 35 based on relative age even though they found significant influences of RAE on early childhood educational performance.
Given that the prevalence of redshirting in the US ranges anywhere from 4% to 9% nationally (Bassok and Reardon 2012; Graue and DiPerna 2000; Frey 2005) , redshirting may set a child back a year from earning a full salary.
In this article, we build upon considerable previous research concerning RAEs in educational domains. Apart from past research, though, we present a novel focus on tertiary educational outcomes. Specifically, we investigate the degree to which RAEs might influence the probability that a person earns a research doctorate and whether RAEs affect the age or amount of time at which individuals earn the PhD. Our study does not assume that the PhD reflects the highest levels of intelligence; however, completion of a doctoral program does reflect a combined measure of academic achievement and ambition or striving. For these reasons, it is Relative Age Effects and the PhD 6 valuable to consider whether concerns about RAE have relevance for understanding the 1.55% of the US population that has earned a doctoral degree (US Census, 2012).
II. DATA AND METHODS

Data
To examine the impact of RAEs on achievement and earnings of PhD recipients, we rely on the National Science Foundation's (NSF) Survey of Earned Doctorates (SED Hampshire; and December 1 for California, Illinois, Michigan, and New York) in light of demographic research indicating that socioeconomic differences are manifested through variable seasonality in birth rates (e,g., Buckles and Hungerman, forthcoming) . As a consequence, the range of cut-off dates provides a built-in guard against the potentially spurious influence of socioeconomic status in relation to examining the relevance of RAE for students earning the research doctorate.
Specifications
Given the information available in the data, we are able to estimate the potential impact of birth quarter on (1) the age at which an individual earns the PhD, (2) the length of time it takes to earn the degree, and (3) salary. We can highlight that our consideration of (1) age as well as (2) time-to-degree provides a robustness check since it is plausible that relatively young students within a cohort might perform just as well as relatively old students with respect to time-todegree, while also taking additional time before starting graduate school. Likewise, it is equally imaginable that relatively young students within a cohort might start graduate school at comparable times in their lives but nonetheless take longer to earn the degree when compared with relatively old students. As a second robustness check, we utilize state cut-off dates based on the individual's birth state as well as the individual's high school location.
For the analysis in this paper, the equation is given by , Results are presented for both ordinary least squares (OLS) regressions with robust standard errors and Tobit regressions. Tobit regressions are used because the dependent variables, except for salary, are all truncated on the lower end of the distribution at zero. Salary, on the other hand, is truncated because the lowest salary respondents can report is $30,000 and the upper end of the reportable salary scale is $110,000.
III. RESULTS
Descriptive statistics for data from all quarters indicates (Table 1a ) that individuals were, on average, nearly 36 years of age, after spending about 8 years in graduate school; slightly more than half were women; and, 87% were white. Average salary for the first year after earning the
PhD was approximately $58,000; about 38% became employed as a contingent postdoctoral researcher; and, nearly two-thirds of the respondents were married. As measures of respondents' socioeconomic status, approximately 62% of respondents have a father who earned a college degree and 55% report that their mother earned a college degree.
With respect to sex differences across the full sample, Table 1a also highlights that women tended to be slightly older when they earned the PhD (36.5 compared to 34.8 years, p < 0.001); were less likely to be employed as a contingent postdoctoral researcher (36.5% compared to 38.9%, p = 0.003); less likely to be white (54% compared to 56%, p = 0.017); earned less in the year after graduate school ($55,140 compared to $60,630, p < 0.001); and, generally took longer to complete their respective PhD programs (8 years compared to 7.7 years; p < 0.001).
Women were also more likely to be married (67.6% compared to 66.0%, p = 0.046) and less likely to have parents who earned college degrees (father: 60.6% compared to 64.1%, p < 0.001; mother: 54.0% compared to 56.0%, p = 0.017).
- Table 1 about here
When individuals in the sample are separated into their respective birth quarters, a frequency count of the birth quartile for people in our sample shows 3,708 born in Q1, 3,289 born in Q2, 3,993 born in Q3, and 3,545 born in Q4. While this distribution is significantly uneven as measured by a Pearson Chi-square test (p < 0.001), it would be incorrect to assume that RAE is important since we also find that the most populated category is Q3 and, more generally, there are more than 500 additional students in the relatively younger pooling of Q3
and Q4 when compared with the pooled category of Q1 and Q2. More directly stated, the frequency counts here suggest no correlation between acquisition of a PhD and the RAE. More to the point, the formal regression analyses that we specified in the previous section will examine whether relative age influenced respondents' age at time of degree as well as time-to-degree and salary. Through these models, it is possible to measure what economic benefit, if any, can be attributed to an effect of relative age.
Notably, with respect to our assumption that respondents entered kindergarten and completed schooling based on the regular cut-off dates for the state in which they were born, the second measure of respondents' educational location -the state in which they completed high school -shows that 28% of the individuals graduated high school in a different state than where they were born. Additionally, of those who moved across states from the time of birth to the time of their high school graduation, 37% reported that their father had a college degree and 30%
reported the same for their mother. While the dataset does not permit finer-grained analysis in relation to students' moves (e.g., whether the move was accompanied by a change in the progression of grades), the frequency of moving is certainly important to consider in our analyses and permits a robustness check of results based on birth location.
Panels b-e in Table 1 report descriptive statistics for measures used in our regression analysis by birth quarter, relative to the cut-off date for kindergarten enrollment in the individual's respective state. Focusing on comparisons between individuals born in the first quartile (Q1) and the fourth quartile (Q4), we can see nominal differences whereby Q1 graduates appear to be slightly younger than the Q4 graduates; earn the degree slightly faster; and, curiously, earn lower salaries than their Q4 peers. Of course, the differences are slight enough that closer analyses are required that incorporate important background variables such as discipline-specific variation.
For a broader picture of the variables considered for regression, we can highlight statistically significant correlations in Table 2 that provide justification for our model specification. First, we can point out the small, though positive correlation between those born in the fourth quartile and both age (r = 0.03) and time-to-degree (r = 0.02). Similarly, among other relationships with relevance to our main interests, age was positively correlated with salary (r = 0.17), suggesting the potential impact of experience and maturity on salary in the year after graduate school. The very significant and negative correlation between salary and employment as a postdoctoral researcher (r = -0.52) also accounts for our focus on salary as a dependent variable.
- Table 2 about here Table 2 provides an overview of interrelationships in the dataset, the regression analyses presented in Table 3 control for discipline-specific variations as well as gender and ethnicity. Notwithstanding evidence that parental education levels appear to influence decisions to pursue the PhD (e.g., Kniffin 2007), we do not include parental educational attainment in the regression analyses since we are not examining the decision to pursue a PhD, or the discipline of study..
Most generally, Table 3 shows that relatively young Q4 graduates are not significantly older than Q1 graduates and do not earn significantly less (or more) than Q1 graduates when relevant control variables are considered. With respect to time-to-degree, the OLS and Tobit results indicate that the relatively young Q4 graduates take slightly more time -approximately 1 month. Since Q1 is the reference group for the statistics presented in Table 3 , the OLS and Tobit regression coefficients for Q2-Q4 are relative to the impact Q1 has on the response variable. If RAE was a significant factor for the individuals in this sample, then we would expect significant differences at least between Q1 and Q4 individuals, where Q1 individuals would be expected to take less time to earn the PhD and earn more immediately following graduation.
The importance of considering disciplinary differences through the regressions that we presented is also clear in relation to understanding the gender differences that we reported from Table 3 suggest that women's salaries are lower and that whites tend to be older at the time they earn the PhD.
Interestingly, individuals who moved out of their birth state before high school graduation were over nine months older when they earned the PhD and their average time-todegree in graduate school was approximately one month longer. While there was no statistical difference in reported salaries for the first year post graduation, the tendency to start graduate school approximately later in life along with the slightly longer period spent in graduate school could affect the future value of lifetime earnings for those individuals who moved.
To focus on the Carnegie classifications, there is evidence that individuals who attend universities with the highest research activity finish at an earlier age and in a shorter time span relative to those from other universities. Based on salaries for the first year immediately after graduation, it is also true that individuals who acquired their PhD from a university with some degree of research activity earned more than those who attended the highest research active schools. Individuals from the highest research active schools most likely sought a research position, which in many cases (e.g., as postdocs) results in a lower salary. Table 3 about here
Taken together, our findings indicate that redshirting a child for a year does not likely
give him or her an upper edge in relation to completing a PhD more quickly, nor on potential salary immediately after graduation. Notice in Table 4 that when quarters are based on state of high school graduation, the results are very similar, indicating the robustness of the initial results.
Since the average age of the individuals across quarters is comparable, this is evidence that any potential advantage to holding back a student for a year appears irrelevant in relation to earning the PhD. In light of these patterns, it is especially valuable to calculate the costs that redshirting would have incurred for the people in our sample. Table 3 about here
IV. Estimating the Private Costs of Redshirting
Previous studies that have looked at the economic impacts of relative age tend to focus on the policy of cut-off dates and the practice of redshirting. For example, Bedard and Dhuey (2012) do not focus on the importance of relative age; however, their study of state-specific changes in the cut-off date for kindergarten generates the conclusion that moving the cut-off date backwards by one month (e.g., from October 1 to September 1) effects improved outcomes for all students in the cohort, including an increase in hourly wages for men of 0.6 percent. While
Bedard and Dhuey's findings indicate a benefit for students to be relatively older as a cohort, they also acknowledge that their analysis is not designed to address what would happen in a runaway situation whereby cut-off dates spiraled backwards ad absurdum.
In a pair of studies that focused on the long-run economic impacts of redshirting for directly affected students, Dobkin and Ferreira (2010) find no difference for students who are redshirted while Fredriksson and Öckert (2005) report that redshirted students incur net costs.
More specifically, Fredriksson and Öckert (2005) do find small but significant short-term benefits for students who are redshirted; however, those benefits are outweighed by the opportunity costs that are incurred by students who will -later in life -have one less year in the labor market et ceteris paribus.
To complement our finding of no apparent benefit for redshirting in relation to people who earn the PhD, we calculated the lifetime earnings stream for an individual with a PhD.
According to data available from the Bureau of Labor Statistics (BLS), the median weekly salary The regressions that we report in Table 4 provide the difference in the future value of lifetime earnings based on a one-year difference in which the individual begins work post graduation. This lifetime earnings stream is calculated using age 65 as the retirement age and salary from the previous year increases by 3% (to account for inflation). For both the OLS and Tobit regressions, the present value difference in lifetime earnings is over $138,000.
Interestingly, the difference in lifetime earnings among disciplines is generally uniform with a few notable exceptions. Individuals who pursue doctoral work in the Health Sciences, Humanities, and Education seem to be affected to a greater degree, indicating greater dispersion of initial salaries for these disciplines from the others immediately following graduation. In addition, given the salary differential (Table 3) as well as lower lifetime earning streams for women, it would make sense for people, especially parents of girls, to begin children's education without redshirting. Table 5 about here
V. DISCUSSION AND IMPLICATIONS
To the extent that parents might tend to consider completion of a research doctorate to be a preferred educational outcome for their offspring, we find that worries about redshirting or birth timing appear to be wasteful. Gladwell's (2008) general point of drawing attention to ways in which individual success is interdependent within an "ecology" of others' activities is worthwhile; however, our findings contribute an important new dimension to literature that demonstrates that concerns with RAEs appear overwrought. In fact, our estimates show no benefit for individuals in relation to earning the PhD and a very significant private cost for any students who are delayed from starting school -and work -for a "redshirt" year. Further, to the extent that family planning for people who earn the PhD is influenced by degree progression and constrained by temporally limited fertility windows, it is notable that our estimates of lifetime earnings do not incorporate any costs that are imaginable with respect to students' reproductive fitness. In other words, when entry to the labor market is delayed by a year, it is worth recognizing that reproduction will also likely be delayed for some people.
While our study's findings provide a novel examination of RAE in relation to earning the Two additional aspects of parental -and student -mobility potentially contribute to measurement error of our quartile estimates. First, when families move across school districts within states, there may be a new opportunity -based partly on parental discretion -for changing the regular progression of grades. Second, there is evidence that student mobility can have a negative effect on student achievement outcomes and potentially lead to holding students back for a year in primary or secondary school (Gruman et al. 2008 ). While our sample has no indication of this, the fact that 28% moved across states at least once between birth and high school graduation raises concerns whether those who moved were held back and such information is not available in our sample. Our more general finding that people who moved are more likely to be older when they earn the PhD would seem to contribute to research that shows negative outcomes as a function of moving.
A structural limitation of our analysis is based on the fact that we are only able to consider RAE among those who successfully acquired the PhD. Given a potential selection that could occur as a function of RAE within graduate school, it would be valuable if future research examining attrition among graduate students (e.g., Stock, Finegan, and Siegfried 2009) were to consider the potential influence of RAE. Since we only have information for individuals who successfully completed a PhD program, the present study is not able to consider the factors that influence whether someone begins, aborts, or completes a PhD program. In a similar vein, it would be comparable to the studies of Canadian hockey players' performance at elite levels if studies of academic productivity such as publication metrics (e.g., Hilmer and Hilmer 2007) were to consider the potential influence of RAE.
Finally, as noted in section II, our analysis assumes that members of our sample were not redshirted since we do not have data for that variable and the predominant practice in the United
States is to start schooling on a regular schedule. Additionally, it is notable that our salary analyses are limited to considering income for respondents' first jobs after earning the PhD. In this case, particularly when one considers the relatively low salaries that postdoctoral researchers are paid upon graduating before seeking positions that pay significantly higher salaries, the limitation in our dataset most likely biases our results downward. In other words, individuals who accept a postdoctoral position immediately after graduation will likely see a significant bump in pay once they accept a more permanent position, causing a markedly upward adjustment in their stream of lifetime earnings. As with the question of attrition among graduate students, future research that examines mid-or late-career salaries of people who earned the PhD would provide value by examining whether RAE is relevant.
Beyond examining an important new empirical dimension in relation to the role of RAE, our results contribute to debates concerning the public and private costs and benefits of education. Based on Gladwell's assumption that relatively young students "have been dealt a big disadvantage by the educational system," he goes on to argue that public schools should create half-grades so that there are two cohorts for each year's worth of new students. In this framework, new kindergarten classes would start approximately six months apart from each other, incurring (potentially) substantial public cost (e.g., for administration) that, based on findings reported here, would be unwarranted. In the case of voluntary redshirting, parents assume an additional year's worth of costs to pay for private childcare or foregone opportunities and again, based on our findings, those costs would be unwarranted. In addition to contributing to considerations of public and parental costs, though, our paper also highlights that students whose entry into school has been delayed for a year appear to enjoy no additional benefits -in relation to the variable of educational achievement that we study -while generating significant private costs across the course of their lifetimes. 
